Objective: to present an update and systematic review of the basis of nutritional support in pediatrics, emphasizing the importance of nutrition in critically ill patient.
Introduction
The incidence of malnutrition in hospitalized patients is frequently underestimated. 1, 2 Several studies have shown the relationship between malnutrition and morbidity and mortality in hospitalized patients. 3, 4 The underlying disease and situations such as fasting or stress are also potential risk factors for the increase of this incidence. 5 Malnutrition may appear as a consequence of the inadequate supply of nutrients, excessive losses, or significant increase in the metabolic needs. Malnutrition and its consequences may be prevented or treated with an adequate nutritional therapy. 2, 6 The extraordinary medical advances that happened in the last three decades, mainly the implementation of solid and dynamic bases in intensive care medicine (starting practically simultaneously with parenteral nutritional therapy), brought a better control of complex pathological statuses and survival of several patients; in these cases, the nutritional therapy becomes an essential part of patient's global treatment. 1, 2 Nutritional requirements are defined as the lowest amount of a specific nutrient that is able to promote an optimal health status. Still, similarly, nutritional requirements are Basis of nutritional support in pediatrics -Delgado AF et alii defined as the amount of energy and nutrients that are available in the foods that a healthy individual should ingest in order to satisfy all normal functions of his/her organism. It is important to emphasize that nutritional requirements are individual physiological quantities, expressed in mean or median values for similar groups. For example, healthy pre-school children of the same gender, healthy adolescents practicing some physical activity, etc. Most nutrients may be stored in the organism, which gives individual protection for a long time, preventing the appearance of deficiency signals. 3, 7 
Definitions
Alterations in the nutritional status should be detected the earliest possible. There is a previously established terminology usually found in texts and rules related to nutritional diagnosis and treatment. The most common terms are: a) Malnutrition -any alteration in the nutritional status related to deficient intake of nutrients or th involvement of metabolism; e) Nutritional intervention -interventions and counseling for individuals that require nutritional therapy, through the integration of data obtained through nutritional assessment;
f) Nutritional therapy -set of therapeutic procedures aiming at the maintenance or recovery of the individual's nutritional status, by means of either parenteral or enteral nutrition.
The main objective of nutritional therapy (parenteral, enteral, or mixed) is to restore the body composition in relation to the metabolically active lean body mass. Many drugs may interfere with the nutrient absorption (drug/ nutrient interaction), hindering the nutritional therapy of potentially impaired patients. New nutritional therapies, which are more complete and have fewer adverse effects, are starting to appear; this makes the reposition of nutrients easier.
Nutritional requirements
Nutritional requirements in children depend on factors related to 2, 3, 7, 8 : body stores, age group, underlying disease, nutritional status, presence of nutritional risk, and metabolic status.
The pediatric patient may be a challenge to the physician that aims to implement an adequate nutritional therapy, since the population may include both an extremely preterm newborn weighing 500 g and an adolescent weighing 100 kg. The inadequate or excessive supply of nutrients may cause severe clinical consequences. 8 Energy requirements: these requirements are not easily estimated due to the multiplicity of metabolic statuses in different clinical situations. The recommendation tables may overestimate or underestimate basic energy needs. For example, recent studies in chronically ill patients reveal that energy requirements are lower than usually estimated. Consequently, there is a possibility of an excessive supply of nutrients, which may cause potential complications, such as increased production of CO 2 , hyperglycemia, cholestasis, uremia, uricemia, increased prostaglandins, among others. On the other hand, recommendations may be insufficient for newborns, since preterms or ill newborns have a great chance to develop nutritional deficiencies, mainly due to their significant growth speed, immaturity of several organs and systems, and difficulty to receive an adequate nutrition. 9, 10 An alternative would be to calculate the basic energy expenditure, and then multiply it by factors related to stress, activity, or growth. Harris-Benedict's equation, used to calculate the basic energy expenditure for adults, tends to overestimate the values in children younger than 6 years or weighing less than 25 kg. This equation may be used for older children or adolescents. Table 1 shows a relationship between correction factors and stress situations. 4, 6 Nitrogen requirements: in chronically ill patients, a significant protein autophagy occurs. Therefore, there is the need for an increased protein supply, after an adequate estimate, according to the patient's age group. The increased consumption of branched-chain amino acids (leucine, isoleucine, and valine) is common in patients with stress, such as in cases of polytrauma. Some amino acids may become conditionally essential in this type of patients, such as glutamine, taurine, and cysteine. The calorie/nitrogen ratio may indicate an initial estimate of adequate supply of nutrients; as a general rule, the maximum enteral supply of proteins in infants should be 4 g/kg/day and 3 g/kg/day for older children. In a common mixed diet, proteins provide from 10 to 15% of daily energy requirements. In breastfed infants, proteins contribute 7 to 8% of the calories consumed, and in formula-fed infants, the rate is 9 to 11%. The quality of proteins is more critical in infants and young children. 11 Vitamin requirements: the basic supply is essential to the maintenance of metabolic reactions. In many clinical situations, such as chronically ill patients, vitamin requirements are higher; however, there are no available studies that determine exactly what the ideal reposition should be in most cases. In children with hypermetabolism, the requirement for vitamins A, C, and E is increased. Complex B vitamins may occasiobnally be depleted in patients with neoplasias, hematological diseases, or in patients who were submitted to chemotherapy. 7, 12 Table 2 shows the recommended daily intake of vitamins, according to age group.
Mineral requirements: similarly to vitamins, in addition to basic supply, many patients should receive an additional dose in specific clinical situations, such as in cases of hypermetabolism. The amount to be supplemented in these cases is not totally established, but zinc, selenium, and manganese deficiencies may rise during clinical evolution. Table 3 summarizes the daily amount of trace elements. 12, 13 
Indications for nutritional therapy
Nutritional therapy is indicated for newborns and children at risk of malnutrition, as follows: a) Extremely low-weight newborns (birthweight <1,500g); b) Low-weight newborns (birthweight <2,500g); c) Low-weight newborns presenting associated diseases, such as gastrointestinal, pulmonary, or cardiac problems; d) Birthweight lower than two standard deviations, below the average, or, still, below the 3rd percentile of the fetal growth curve used as reference; e) Significant acute weight loss; f) Weight/height ratio below the 10th percentile of the reference growth curve or above the 90th percentile; g) Children presenting altered metabolic requirements: simple or multiple organic dysfunction, sepsis, trauma, surgical interventions; h) Severe metabolic dysfunctions: innate metabolic errors; i) Difficulty or incapacity to feed through the gastrointestinal tract; j) Incapacity to metabolize the enterally or parenterally supplied nutrients; k) Inadequate weight gain or significant weight loss, considering the growth percentile previously presented by the child.
The enteral nutritional therapy is a specialized feeding method, carried out through the gastrointestinal tract, which may be administered orally or through the use of tubes (gastric, duodenal, or jejunal), including ostomies.
In the exclusive parenteral nutritional therapy, the intravenous infusion of specialized nutrition occurs through a peripheral or central vein. In this case, the point of the catheter is usually located in the superior vena cava; this procedure is indicated for patients that are unable to receive any type of enteral nutrition. Usually, it is used to maintain or restore the ideal nutritional status, until the reestablishment of enteral feeding conditions.
In the mixed nutritional therapy, there is an usually temporary association between enteral and parenteral nutrition. The aim of this therapy is to achieve the maintenance or the recovery of better metabolic nutritional conditions in patients with secondary malnutrition.
Nutritional assessment
Sequential nutritional and metabolic assessment becomes fundamental in the early detection of malnutrition and in the assessment of the adequate nutritional therapy. In chronically ill patients, it is a co-operating factor in the monitoring of other metabolic disorders, which may determine survival. The nutritional assessment may be as complete as possible, according to the institutional conditions, and should consist of data such as: -clinical history related to the cause of hospitalization; -previous and current dietary history; -physical examination; -anthropometric measures and laboratory data.
With these data, it is possible to perform the nutritional classification of the child by using some widely known standardization techniques, such as Z score or Waterlow's. 6, 14 Sophisticated methods have been used to assess energy (indirect and direct calorimetry) and protein (creatinine/ height index, urinary 3-methylhistidine excretion, urinary ureic nitrogen dosage, nitrogen balance, and serum aminogram) metabolisms, helping to precisely identify patients with acute and chronic nutritional alterations. The possibility of a better estimate of body components, such as water and fat, has become reality through several methods, such as electromagnetic bioimpedance, but they are of difficult applicability and their results are not easily standardized in children. 14 
Nutritional assessment in newborns
To define malnutrition in fetuses and newborns is a difficult task. Traditionally, the assessment of nutritional status in newborns is based on standard curves of anthropometric measures, which take into consideration weight, height, and head circumference for each gestational age.
So, according to the adequate intrauterine growth, newborns may be classified into appropriate, small, and large for gestational age.
There are several standard intrauterine growth curves. Ramos 16 elaborated intrauterine growth curves for weight, height, and head circumference, using the percentile system. Ideally, the reference curve that is closest to the studied population should be used.
Basis of nutritional
The evaluation of postnatal growth should not be based only on reference intrauterine growth curves, since, after birth, the necessary adaptations to the extrauterine life and the consequent initial loss of weight, associated or not with diseases, will change the growth rate. There are postnatal growth curves for preterms, which take into consideration the loss of weight during the first week of life and consider a lower speed of weight gain observed in the extrauterine environment. 17 Weight is the anthropometric parameter most commonly used to monitor the nutritional status of pediatric patients. At birth, it varies according to gestational age, hydroelectrolytic status, as well as maternal and fetal nutritional statuses, which are directly correlated with acute and chronic perinatal disorders.
In preterm newborns, the use of this anthropometric parameter is hindered by several factors 18 : increased initial loss of weight, which usually locates the newborn's weight below the 10th percentile of the reference curve; gain of weight with edema or accumulation of fat, which do not reflect growth; accuracy of the measure, which may be compromised by the equipment connected to the newborn's body, which may make the interpretation of variations and calculations of protein, calorie, and water support difficult.
Height reflects the genetic growth potential and suffers less influence from intrauterine environment and hydration.
Head circumference is directly related to the size of the encephalon. It is the anthropometric measure that suffers least changes due to inadequate nutrition; it is also the first to respond to adequate protein-calorie intake.
Other anthropometric data include skinfold measurements, mid-arm circumference, mid-arm circumference-head circumference ratio, and weight index.
The serial measurement of skinfolds offers an estimate of fat incorporation. 19 In the neonatal period, bicipital, tricipital, and scapular skinfolds may be used, and the values may be compared in terms of gestational age. 18 The mid-arm circumference measure assesses the muscle mass and the fat in the arm; it is directly related to weight and gestational age. 20 The relationship between mean arm circumference and head circumference is a reliable way of distinguishing newborns with and without intrauterine growth retardation, independently of their classification into appropriate or small for gestational age. 21 According to the standard curve of mid-arm circumference and head circumference ratio, values increase with gestational age, and newborns presenting intrauterine malnutrition present these values below the 5th percentile. 20 It is also possible to classify the newborn through the weight index. A weight index of 2.0 is significantly related to intrauterine growth retardation; in this situation, the newborn presents risk for developing hypoglycemia, for example. There are weight index curves for several gestational ages, based on percentiles. 16 Although most newborns that are small for the gestation age constitute result from intrauterine growth retardation, there are newborns classified as small for gestational age by usual criteria who present neither clinical alterations or symptoms associated with intrauterine malnutrition, nor clinical aspects of small for gestational age newborns; they are constitutionally or genetically "small". On the other hand, there are newborns who, although classified as appropriate for gestational age, present clinical aspects and symptoms compatible with inadequate rate of intrauterine growth. The body proportion would be a way to differentiate and classify these newborns. 9 Kramer, in 1990, 22 classified newborns using the ratio between birthweight and weight on the 50th percentile on the intrauterine growth curve (for the same gestational age). The author suggested that this relation indicated intrauterine growth retardation when it was below 0.85. Values below
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Water 60-150 ml/kg 100 ml/100 kcal 100 ml/100 kcal 0.70 would show an important nutritional involvement. This classification was ineffective when used in borderline small for gestational age newborns, that is, those who could clinically be small for gestational age without meeting the anthropometric criteria for such classification. In relation to macrosomic or large for gestational age newborns according to the weight classification, not all of them are born to diabetic women, or present the risk for developing several complications, such as hypoglycemia, hypocalcemia, polycythemia, hyperbilirubinemia, and respiratory failure. Inversely, children born to diabetic mothers with vascular diseases or with well-controlled diabetes may not be large for gestational age, but they still present risk for developing metabolic disorders.
The analysis of body proportion in these newborns, as well as in small for gestational age newborns, could help in the identification of the population at nutritional risk. Weight index is not very significant in the assessment of large for gestational age newborns. Skinfold measurements, such as the tricipital, could reflect the increased fat deposit observed in children born to diabetic mothers. 9 Mid-arm circumference-head circumference ratio may be used in order to identify children born to symptomatic diabetic mothers, either large or appropriate for gestational age, since the increase in the mid-arm circumference, due to the fat deposition, does not follow the increase in the head circumference, and usually takes the value over the 95th percentile. 23 
Parenteral nutritional therapy
The formulations for parenteral therapy should meet the individual nutritional and metabolic requirements estimated for each patient. Balanced solutions should be used, with adequate amounts of lipids, vitamins, and trace elements, within acceptable recommendations for each age group. 13, 24, 25 Water requirements depend on body mass and on body water status. Basic water requirements follow the rule of 100 ml of liquid for 100 metabolized calories. 24 If there is no need for water restriction, an increase of 50% may be done on this volume, aiming at increasing the supply of nutrients. Table 4 summarizes the daily requirements of water, electrolytes, and minerals.
The amount of nutrients may vary according to their organic function, metabolism, or growth speed. This applies particularly to preterm newborns and young infants. In general, small and very immature newborns do not tolerate glucose infusion rates above 6 mg/kg/min. 26 Several mechanisms are responsible for the inability of these children to manipulate glucose supplementation, as follows 27, 28 : -inadequate secretion of glycemia-regulating hormones; -altered peripheral response to these hormones; -increased peripheral response to insulin; -continuous production of glucose, despite supplementation; -increased release of catecholamines, which alter the response of glycemia-regulating hormones.
Persistent hyperglycemia presents risks. The natural sequence of this condition is characterized by glycosuria, osmotic diuresis, hypovolemia, intracellular dehydration, blood hyperosmolality (osmolality >300 mOsm/l), and intracranial hemorrhage. However, these events are actually more theoretical than real, since the findings resulting from hyperglycemia are not very frequent, and there is an important correlation between intracranial hemorrhage and hyperglycemia only with glycemic levels above 400 mg/ dl. 29, 30 The pathogenesis of this hemorrhage includes intravascular, vascular, and extravascular factors. When the three types are present, which is very common in preterms, their prognosis gets worse. Among intravascular causes, the fast expansion is emphasized, and results from the administration of concentrated solutions of glucose. 31, 32 Currently, amino acid solutions supply nitrogen requirements under the form of crystalline amino acids. The protein supply is 2.5 to 3 g/kg/day for newborns, 2 to 2.5 g/kg/day for infants, 1.5 to 2 g/kg/day for older children, and 0.8 to 2 g/kg/day for adolescents.
Lipids are a concentrated source of energy; they supply essential fatty acids, which are vital for the growth and development of the brain and retina, and they are also isomolar solutions. Triglycerides and phospholipids are hydrolyzed in fatty acids and glycerol by the lipoprotein and hepatic lipases. this hydrolysis depends on the enzymatic maturation, and is altered according to the gestational age. Preterm newborns with less than 32 weeks of gestational age may be incapable to process lipid offers above 2 g/kg/day, then presenting hypertriglyceridemia and its effects on the pulmonary gas exchanges and on the function of polymorphonuclears. 10 An increase in free circulating fatty acids, due to hydrolysis, may cause displacement of the binding between bilirubin and albumin, with risk for bilirubin encephalopathy. 33 Lipid emulsions at 20% are preferred because of their increased energetic content in a smaller volume and because of their better phospholipid/triglyceride ratio, with lower risk for hypertriglyceridemia and hypercholesterolemia. The infusion should be done in 20 to 24 hours, and the maximum offer is of 4 g/kg/day. 7
Enteral nutritional therapy
This nutritional therapy is indicated whenever the intestinal tract is working properly and may be used, even in the presence of digestive-absorptive disorders, which are compensated by special diets. Main clinical indications for enteral nutritional therapy are specific and may be grouped according to the following situations 3,8,11,34 : a) Unaltered gastrointestinal tract -when calorie complementation or supplementation are required, due to little acceptation. In these cases, there is no need for semielemental or elemental diets; only for complete and special formulae for determined clinical groups, such as prematurity, catabolic diseases (cancer, sepsis, radiotherapy, burns, respiratory failure); b) Altered gastrointestinal tract -when special, semielemental or elemental diets are required, such as in cases of chronic diarrhea, cystic fibrosis, intestinal inflammatory diseases, pancreatic failure, surgical conditions (small bowel, fistulae, preparation for surgery); in these cases, the diet is administered by means of tubes, gastrostomies, or jejunostomies; c) Congenital metabolic diseases -when the indicated diet is incomplete, but does not present the nutrient that causes disease, such as a diet for the treatment of phenylketonuria, which does not present phenylalanine.
Together with the appearance of new enteral diets, the interest in administration techniques increased, and more precise infusion pumps were developed, as well as thinner enteral tubes, allowing postpyloric location. 34 Food is an important stimulus to maintain the intestinal function and structure, releasing pancreatic and biliary secretions, and hormonal factors. Fasting causes atrophy of the intestinal mucosa, and compromises the immunologic integrity of the gastrointestinal tract and increases the risk for bacterial translocation. 4 Breast milk is the best source of nutrients for newborns and infants during the 1 st year of life. Basic types of formulae may be summarized in complete (polymeric, semielemental, and elemental) and incomplete formulae. Polymeric formulae are composed of macronutrients (protein, fat, and carbohydrates) in their natural or purified form; they present low osmolality, since they contain highmolecular-weight nutrients. Semielemental formulae are complete and contain hydrolyzed proteins, vegetal or animal fat, and glucose polymers. Elemental formulae contain highly hydrolyzed proteins and crystalline amino acid compounds, medium-chain triglycerides, and monosaccharides. 34 Table 5 shows the classification of formulae. 35 Figure 1 summarizes the sequence that should be used for the selection of nutritional therapy. 1
Parenteral versus enteral nutrional therapy
Several studies have compared early enteral nutritional therapy with parenteral nutritional therapy. In closed abdominal trauma postoperative patients, there was a lower incidence of sepsis in those who received early enteral nutritional therapy. Although it is difficult to prove, the possibility of bacterial translocation should be reduced in children with enteral feeding, as some pathophysiologic studies suggest. 36 In patients with cranioencephalic trauma, some studies also confirm that enteral nutritional therapy is more appropriate for supplying metabolic needs, reducing the concomitant possibility of hyperfeeding when compared to parenteral nutritional therapy. 5 The neurohormonal mechanisms related to stress seem to adapt better when progressively higher amounts of nutrients are administered through the digestive tract. 36 
Complete
Minimal enteral nutrition
Prolonged fasting, due to its deleting effects on the intestinal epithelium (atrophy of the mucosa, decreased absorption, and absence of competition in the intestinal flora), provokes bacterial translocation, increasing the risk for necrotizing enterocolitis and sepsis. This effect may be minimized by the early enteral nutrition, since the bacterial fermentation of carbohydrates results in short-chain fatty acids, especially butyric, which presents a trophic function on the intestinal epithelium. Besides, enteral nutrition improves the tolerance to glucose, since it generates gluconeogenic precursors (piruvates, lactates, alanine, and glycero, 1 nonesterified fatty acids, and ketone bodies (betahydroxybutyrate and acetoacetates).
There is a great discussion about enteral nutrition in infected newborns, since feeding itself may provoke bacterial translocation, enterocolitis, and sepsis. On the other hand, fasting leads to atrophy of the mucosa and to alteration of the flora, with predominance of "free germs", and consequently increases the occurrence of infections. This jejunal status also goes against the natural maturation process of the intestine, which starts in the intrauterine life, where swallowed amniotic liquid has a nutritional role over the intestinal mucosa, forming a integrate intestinal barrier. 37, 38 The newborn's intestinal flora, usually initially colonized by germs from the maternal vaginal flora, is altered by some factors: C-section, antisepsis, and use of broad-spectrum antibiotics. These factors would lead to the rupture of the intestinal barrier balance, with an abnormal growth of the flora, thus facilitating bacterial translocation. 38 The practice of minimum enteral nutrition on the first days of life presents some advantages in order to prevent an infection or even in order to avoid the progression of an infectious status already installed; it does not increase the incidence of necrotizing enterocolitis.
This trophic nutrition may be started on the first days of life, with distilled water, through continuous orogastric infusion. This procedure aims at restoring free water, maintaining intestinal motility and preparing the intestine to receive the lactic diet. When the newborn presents some stability, hypocaloric enteral nutrition with breast milk should be started through continuous orogastric infusion. 39 
